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Since the first in-man liver transplantation was performed by Starzl et al. [1] in the early
1960s, many patients have successfully undergone organ transplantation. To date, over 30,000 liver
transplantations are performed annually worldwide, which is estimated at less than 10% of the global
need [2]. Transplantation is the only curative treatment for end-stage liver disease with different
etiology. These include fat, alcohol- or viral hepatitis-related cirrhosis, liver cancer, inherited and
metabolic diseases, and acute liver failure [3]. With demand increasing, alternatives for donor organs
are urgently needed. In addition to optimizing donor/recipient selection procedures [4] and allocation
systems to assure maximal utility of donor organs and equity to recipients [5], investing in innovating
bioengineering technology remains important [6].
In the last decade, dynamic (hypo- or normothermic) machine perfusion protocols were introduced
to preserve donor livers as opposed to static cold storage which, until then, was the standard [7–9].
In addition to preservation, normothermic machine perfusion can be used to assess the quality of the
graft by monitoring liver function. Moreover, machine perfusion has the potential to improve grafts
of marginal quality by applying treatment using (stem) cells, drugs, and compounds, for instance,
to reduce steatosis, infection, or ischemia/reperfusion injury. Oxygenation of the liver graft seems to be
a critical factor during machine perfusion. New developments are the use of gaseous oxygen, is based
on venous systemic oxygen persuﬄation (OPAL) during static cold storage to improve hepatic energy
homeostasis to prime the liver for the critical warm reperfusion which is known to be responsible for
most of the ischemia/reperfusion injury [10]. As reported by Gallinat et al., this technique was shown
to be safe and cost-effective, and demonstrated preliminary beneficial effects on clinical outcomes in a
single-center randomized controlled clinical trial.
Potential alternatives for liver transplantation may include allogenic hepatocyte transplantation,
in which the transplanted cells engraft the recipient’s liver and restore liver function [11]. So far,
the success of hepatocyte transplantation depends on the disease type and level of cell replacement
that is required to restore liver function. Although promising for some diseases, the long-term efficacy
remains limited. Alternatively, genetics, gene-editing, and matrix-based culture methods of diseased
hepatocytes could be employed to cure the patient’s own cells ex vivo as a personalized method
for diseases with a known genetic mutation, as reviewed by Kruitwagen et al. [12]. Due to the
(challenging) need of large numbers of hepatocytes coming from suboptimal livers that are unsuited
for transplantation, cell function is often hampered [13]. To overcome this, (induced) pluripotent
stem cells (iPSCs) or adult liver stem cells, such as cultured as liver organoids [14], might be a good
source to use in cell transplantation [15]. Both cell types can be expanded to gain high numbers and
could be initiated from the patient’s own tissue, preventing the need to treat the patient with lifelong
immunosuppressive drugs.
Next to functional cells, the actual organ scaffold is of key importance for the maintenance
and potential engineering of functional liver tissue. If cells lack this spatiotemporal control
Bioengineering 2019, 6, 96; doi:10.3390/bioengineering6040096 www.mdpi.com/journal/bioengineering
Bioengineering 2019, 6, 96 2 of 3
of physical and biochemical cues, they cannot properly function and likely dedifferentiate [16].
A supporting scaffold that provides physical and biochemical characteristics, such as stiffness and
matrix composition, is therefore essential [17]. Such scaffolds can be obtained from native liver tissue
by decellularization [18–20]. These decellularized liver scaffolds can either be used for recellularization
by infusion with cells [21] or processed into a biological hydrogels for clinical-grade expansion of stem
cells or organoids [22]. Scaffolds can also be made from synthetical hydrogels, as reviewed by Ye
et al. [23–25], each having their own (dis)advantages. Combining natural with synthetic hydrogels
might increase the overall performance of tissue-engineered liver grafts [26]. Hepatocyte viability
and proliferation might even be improved by adding even more components to the scaffold, such as
special conduction polymers and gelatin, chitosan, and hyaluronan [27]. Kryou et al. reviewed novel
opportunities for printing technology to create 3-dimensional (3D) scaffolds that can be used as a basis
for functional liver tissue [28]. Printing technology to customize biliary stents are summarized by Boyer
et al. [29]. By infusing these stents with collagen, mesenchymal stromal cells, and patient-derived
cholangiocytes [29], personalized tissue engineering is nearing clinical application.
The diverse contributions in this Special Issue on Bioengineering Liver Transplantation provides an
overview of the novel and exciting opportunities in the field of liver regenerative medicine, biomaterials,
and stem cell research that can be applied in future transplantations and personalized treatments of
end-stage liver disease.
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